Introduction {#S0001}
============

Giant cell arteritis (GCA) is a medium- to large-vessel granulomatous vasculitis of typically acute onset that affects the elderly. Because irreversible visual loss is common, GCA should be considered an ophthalmic emergency requiring prompt diagnosis and immediate therapeutic measures.[@CIT0001]--[@CIT0003] The inflammatory infiltrate in the arterial wall results in arterial stenosis of variable extent and in some cases even luminal occlusion, with consequent ischemic complications. Although GCA is recognized as a chronic systemic vasculitis, the superficial cranial branches of the external carotid artery, including the temporal and occipital arteries, and the ophthalmic branch of the internal carotid artery are more often involved, followed in terms of frequency by the vertebral, distal subclavian, and axillary arteries. When the thoracic aorta is involved, aneurysm formation and aortic dissection rather than occlusion may ensue.[@CIT0002],[@CIT0004],[@CIT0005] Nonetheless, it should be emphasized that, while GCA is principally a large-vessel vasculitis, arteries of any size may in fact be involved.[@CIT0006]

The risk of developing ocular involvement has been studied in large cohorts of patients with biopsy-proven GCA, but the results have been largely variable. For example, visual manifestations were reported in 30.1% of 136 patients,[@CIT0007] in 72% of 127 patients,[@CIT0008] and in 13.4% in a large-scale nationwide study in Sweden.[@CIT0009] Visual difficulties may occur at the onset of the disease or appear at any time during its course. Permanent visual loss, a devastating consequence of GCA, has been reported in 8.2%,[@CIT0010] 16%,[@CIT0011] up to 20%,[@CIT0012] and 32%[@CIT0013] of patients. The lower percentages are likely related to a better awareness of the disease and an earlier initiation of therapy. Consequently, even vague ophthalmologic symptoms should not be underestimated, as their timely and appropriate treatment may prevent potentially irreversible damage to the visual system.

Polymyalgia rheumatica (PMR), a chronic inflammatory disorder of unknown etiology, is found in 40--60% of patients with GCA and may become clinically apparent before, concomitant with, or after the diagnosis of GCA.[@CIT0004],[@CIT0005],[@CIT0014] Conversely, GCA is diagnosed in 16--21% of patients with PMR.[@CIT0015],[@CIT0016] Both GCA and PMR affect the elderly and the two diseases may well be closely related conditions, although the nature of their association is unclear.[@CIT0016],[@CIT0017]

In a collaboration between two tertiary referral centers with specific experience in clinical immunology and ophthalmology respectively, the aims of our study were: 1) to determine the prevalence and major characteristics of the ocular involvement in a cohort of Italian GCA patients; 2) to underscore the changing concepts related to the nature of GCA and its pathogenesis; and 3) to assess recent therapeutic advancements.

Materials and Methods {#S0002}
=====================

This is a retrospective, observational, cohort study carried out on a series of 56 patients diagnosed with GCA from 2005 to 2016 and examined in a collaboration between the Ophthalmology Section, Department of Ophthalmology and Neuroscience, and the Internal Medicine Section, Department of Biomedical Sciences and Human Oncology, of the University of Bari, Italy. All procedures were carried out in accordance with the ethical standards of the University of Bari Medical School (that approved the study) and conformed to the tenets of the 1964 Helsinki Declaration and its later amendments. Given that this is a retrospective case record review, patients' written informed consent to study enrollment was waived by the Ethics Committee of the hospital. In addition, all patient data was deidentified and patients in the figures provided written informed consent for the images to be published.

All patients underwent a thorough ophthalmologic examination, including visual acuity, pupillary reaction, ocular motility, visual field testing, external inspection, and direct ophthalmoscopy with fluorescein staining. Additional tests were performed as requested, both at the time of diagnosis and at variable intervals during follow-up, which ranged from 11 to 54 months.

GCA was diagnosed according to the American College of Rheumatology (ACR) classification criteria, which require the detection of three or more of the following items: 1) age ≥ 50 years; 2) headache of new onset or a new type of localized pain in the head; 3) temporal artery abnormalities, including tenderness to palpation and decreased pulsation; 4) an erythrocyte sedimentation rate (ESR) ≥ 50 mm/h; and 5) arterial biopsy showing a predominance of mononuclear cell infiltration or granulomatous inflammation of the vessel wall, usually but not necessarily accompanied by multinucleated giant cells. The reported sensitivity and specificity of the ACR criteria for the classification of GCA are 93.5% and 91.2%, respectively.[@CIT0018]

The diagnosis of PMR in our patients was based on the following scoring algorithm developed by the European League Against Rheumatism (EULAR)/ACR classification criteria.[@CIT0019] Patients ≥ 50 years of age with bilateral shoulder pain and an abnormal C-reactive protein (CRP) concentration or ESR, plus at least four (without ultrasonography) or five (with ultrasonography) of the following: 1) morning stiffness for \> 45 min (2 points); 2) hip pain or restricted range of hip motion (1 point); 3) absence of rheumatoid factor or anti-citrullinated protein antibodies (2 points); 4) absence of other joint involvement (1 point); 5) if ultrasonography is available, at least one shoulder with subdeltoid bursitis, biceps tenosynovitis, or gleno-humeral synovitis (either posterior or axillary) and at least one hip with synovitis or trochanteric bursitis (1 point); 6) if ultrasonography is available, both shoulders with subdeltoid bursitis, biceps tenosynovitis, or gleno-humeral synovitis (1 point). A score ≥4 was shown to have a 68% sensitivity and 78% specificity for discriminating PMR.[@CIT0019]

Results {#S0003}
=======

Demographic Features {#S0003-S2001}
--------------------

In our cohort of 56 patients, 39 were females (69.6%) and 17 were males (30.3%). The mean age at disease onset was 69.3 ± 7.2 (mean ± SD) years. Occupational and socio-economic factors do not seem to be risk factors for GCA.[@CIT0020]

Twenty-five of our 56 patients (44.6%) had PMR that was diagnosed at the same time as GCA, with the exception of two patients in whom PMR was recognized 3 and 5 months after the diagnosis of GCA. In none of our patients did the diagnosis of PMR precede that of GCA. A combined occurrence of GCA and PMR was more common in females (16/25: 64%).

Baseline Clinical Features {#S0003-S2002}
--------------------------

Visual manifestations, which are the main object of the present study, are described in detail below, whereas the main clinical features of our GCA patients at the time of diagnosis are summarized, for the sake of brevity, in [Figure 1](#F0001){ref-type="fig"} and [Table 1](#T0001){ref-type="table"}. Fever, defined as a body temperature ≥ 38°C, was recorded in 41%, and constitutional symptoms including weakness, fatigue, and anorexia, were described by 82%, followed in terms of decreasing frequency by tenderness to palpation of the temporal artery (77%), headache of new onset localized in the temporal region or more rarely in the occipital area (75%), jaw claudication (55%), tongue pain during mastication (23%), and scalp tenderness (28%) that resulted in large eschars in one male patient ([Figure 2](#F0002){ref-type="fig"}). However, 3 of the 56 patients had either no or only vague general symptoms and were diagnosed with occult GCA[@CIT0021] based on an ophthalmologic examination, performed to determine the cause of visual disturbances, and a positive temporal artery biopsy (TAB).Table 1Summary of the Main Characteristics in 19 Patients with Ocular Manifestations from Giant Cell ArteritisPt. No.Age, SexClinical PresentationPMRWorkupVisual OutcomeDiagnosis1.68, MConstitutional symptoms, bilateral shoulder and hip pain, amaurosis fugax followed two days later by blurred vision of the left eye and visual field loss of the right eyeYesBilateral swollen optic nerve head on funduscopy. Altitudinal defects in the visual field of the left eye \> right eye. Left TAB positive. No halo sign on CDUS.Visual loss in both eyesA-AION2.77, FMalaise, anorexia, jaw claudication, scalp tenderness of the right side, rapid occurrence of visual loss up to NLP in her right eyeNoPale disc edema and occlusion of the supero-temporal branch of the retinal artery. Choroidal infarcts on fluorescein angiography. TAB not available. Typical halo sign on CDUSVisual loss in right eyeA-AION3.75, FTwo episodes of fever, weight loss, arthralgias of the pelvic girdles, amaurosis fugax of the right eyeYesChalky-white appearance of the optic nerve head. Typical halo sign on CDUS. Right TAB strongly indicative of GCA.Visual loss in right eyeA-AION4.81, FPersistent bilateral aching and stiffness affecting the torso, shoulders and proximal aspects of the thighs, headache and jaw claudication, binocular blurred visionYesOptic nerve pallor without optic disc edema. TAB not performed. On CDUS, isolated abnormalities in both axillary arteries and left carotid forking, but not in the temporal arteries. PET/CT showed increased FDG uptake in the ascending aorta and mild increased perisynovial uptake at both shoulders, possibly indicative of associated PMR.Visual acuity reduced to hand motion in both eyesA-AION5.71, MTongue numbness and persistent bilateral blurred vision with occasional scotomaNoOptic nerve head and retinal ischemia. In the absence of abnormalities in both temporal arteries on examination, TAB was not performed. Wall thickening of the internal carotid artery on CDUS. PET/CT revealed FDG accumulation in the ascending aorta, aortic arch, and bilateral subclavian arteryImpairment of visual acuity and subsequent recovery to 20/25A-AION6.66, FTongue claudication, swelling and tenderness of the right temporal artery, visual impairmentNoPale disc edema with delayed choroidal and central retinal artery filling on fluorescent angiography. TAB clearly positive for GCA, but CDUS was non-informativeVisual loss of right eyeA-AION7.65, MFatigue, anorexia, bilateral shoulder pain, joint morning stiffness, amaurosis fugax in the left eye with transient blurring or obscuration of vision.YesPale swelling of the optic nerve head. TAB was refused by the patient and CDUS was not performed. High-resolution MRI of the temporal arteries showed a positive pattern of mural thickening and contrast enhancementVisual loss of left eyeA-AION8.85, FNo constitutional symptoms. Amaurosis fugax in the left eye followed by a reduction of visual acuity to hand motion. After 6 days, sudden painless visual loss in the right eyeNoBilateral swollen pale disc, especially in the left eye. TAB not performed, but CDUS abnormalities of the left temporal artery (non-compressible halo sign) and dilation of the aortic arch were considered unequivocal evidence of GCABinocular visual lossA-AION9.73, MHeadache localized to the right temporal region, scalp tenderness, and systemic discomfort. Reduction of visual acuity to 20/200 in the right eyeNoChalk-white optic disc edema. TAB with unequivocal skip pattern positivity. CDUS not performedReduction to light perception of right eyeA-AION10.74, MFatigue during a 1 month-history of pain involving the neck, shoulders, and pelvic girdle associated with morning stiffness. Transient diplopia from third nerve paresis, eye pain and visual loss in the left eyeYesEdematous and swollen optic nerve head. TAB positive. CDUS not performedVisual loss reduced to counting fingers in left eyeA-AION11.59, FPersistent fever \>38°C, bilateral pain and stiffness prevalently affecting the scapula-humeral and coxo-femoral joints, blurred visionYesPale, scarcely edematous disc of both eyes. Dubious left TAB followed 8 days later by an unequivocally positive right TAB. On CDUS, the temporal and axillary abnormalities were compatible with GCAImprovement of visual acuity by two Snellen lines, but not of visual fieldA-AION12.79, FEarly morning stiffness, intermittent diplopia from sixth nerve paresis, visual loss in the left eye, prominence and tenderness of the temporal arteryYesOptic nerve pallor, but no swelling of the optic disc. Relative afferent pupillary defect. TAB positive. Temporal artery stenosis but no halo sign on CDUSLoss of visual acuity and field in left eyeA-PION13.73, FSudden occurrence of reduced vision in the left eye and, one week later, of the right eye, in the absence of systemic symptomsNoMultiple cotton wool spots in both eyes. TAB not performed, but vasculitic wall edema of both temporal arteries on CDUS formed a typical halo sign. MRI showed wall thickening and increased contrast enhancement of both temporal arteriesTransient bilateral visual lossCotton wool spots14.57, MBilateral limb girdle discomfort, right eye pain with transient diplopia of undefined originYesMultiple cotton wool spots in both eyes. The patient refused TAB. CDUS revealed wall thickening and partial stenosis of both temporal arteries and of the right axillary artery. PET/CT showed increased uptake of FDG in the wall of occipital, temporal, and axillary arteries bilaterallyImprovement of visual acuity and central visual field in both eyesCotton wool spots15.72, FTemporal headache and reduced vision in the right eye. Jaw claudication, fever \> 38°C and night sweatsNoNumerous peripapillary cotton wool spots. TAB focally but strongly positive. CDUS not performedPermanent visual loss in right eyeCotton wool spots16.76, FTransient episodes of blurry and distorted vision associated with a dull ache in both eyesNoBinocular optic disc edema, intraretinal hemorrhages and diffuse pallor. A cherry red spot in the macula of the left eye. TAB not retrieved but non-compressible halo sign bilaterally positive on CDUSHand motion in right eye and NLP in left eyeCentral retinal artery occlusion17.83, MFatigue and headache, followed two days later by soreness and by vision loss of sudden onset in the right eyeNoIntraretinal hemorrhages. Almost complete absence of filling of the central retinal artery in the right eye by fluorescein angiography. TAB positiveVisual loss in right eyeCentral retinal artery occlusion18.58, FOccipital condyle syndrome with left mastoid pain, tenderness over the mastoid bone, jaw claudication, left periocular pain, blurred vision of the left eye, and tenderness of the left temporal arteryNoHypotony, with an intraocular pressure of 8 mm Hg, corneal edema, and Descemet's folds of the left eye. No filling of the iris vessels in the temporal area on fluorescein angiography. TAB positive.Partial recovery of visual acuity to 20/200 in left eyeAnterior segment ischemia19.64, FHeadache with scalp tenderness, low-grade fever, recurrent amaurosis fugax in the right eyeNoReduced visual acuity but no optic disc swelling. Blockage corresponding to a choroidal hypoperfusion on fluorescein angiography. TAB positiveImprovement of visual acuity to 6/15Multifocal choroidal ischemia[^1] Figure 1Frequency of clinical features and abnormalities of laboratory data, temporal artery biopsy findings and color Doppler ultrasound imaging in our cohort of GCA patients.Figure 2Giant cell arteritis with subatrophy of the right eyeball as a consequence of the ophthalmic artery occlusion (panels **A** and **B**). In addition to constitutional symptoms, the patient complained of persistent headaches and scalp tenderness. Three weeks later, one large and one smaller eschars appeared on the scalp that eventually resulted in cicatricial areas of alopecia (panels **C** and **D**).

PMR was characterized by morning stiffness exceeding 45 mins in all but two patients (92%). Both shoulder and pelvic girdle pain, mostly bilateral, were found in 15 patients (60%) and aching in the neck, torso, shoulders and upper arms was largely prevalent in 6 patients (24%). Hip and pelvic girdle pain, always bilateral and conditioning a restricted range of motion, was the major complaint in the remaining 4 patients (16%). In addition, a variable combination of fatigue, weight loss and depression was recorded in 8 patients (32%).

Laboratory Data {#S0003-S2003}
---------------

Laboratory data at the time of diagnosis are also summarized in [Figure 1](#F0001){ref-type="fig"}. An ESR ≥50 mm/h and a CRP level ≥1.5 mg/dL were recorded in 91% and 65% of our patients, respectively. In addition, anemia with hemoglobin levels ≤ 11 g/dL was detected in 59%, whereas a platelet count ≥ 450 × 10^9^/L was an unusual finding, occurring in \~20%. Of note, seven patients with combined anemia and thrombocytosis experienced a relapse of ocular symptoms 2--5 months after achieving disease remission and while still receiving tapered doses of glucocorticoids (GCs).

Color Doppler Ultrasonography (CDUS) {#S0003-S2004}
------------------------------------

Only 37 of our patients underwent CDUS, with abnormal findings detected in 21 of them (57%).Typical CDUS findings in GCA patients are a dark, hypoechoic concentric ring (halo sign) related to edematous wall thickening ([Figure 3A](#F0003){ref-type="fig"} and B) and areas of occlusion and/or stenosis ([Figure 3C](#F0003){ref-type="fig"} and D) that differ from the hyperechoic wall thickening that characterizes atherosclerosis. The reported sensitivity of the halo sign for TAB-positive GCA is 75% and the specificity 83%.[@CIT0022] The "compression sign", a variant of the "halo" sign with higher sensitivity and specificity, indicates the persistence of a hypoechoic swelling despite the compression of the artery lumen with the ultrasound probe. Among the non-invasive imaging techniques used to diagnose GCA, CDUS has gained acceptance worldwide based on its ability to detect involvement of the temporal artery and supra-aortic branches. Although CDUS is equipment- and operator-dependent and does not readily allow visualization of the thoracic aorta, the procedure has several practical advantages, including easy repeatability, good resolution, and suitable sensitivity for the detection of cranial and extracranial disease.[@CIT0002] Compared with TAB, CDUS has better sensitivity but poorer specificity.[@CIT0023]Figure 3(**A**) Color Doppler ultrasonography (CDUS): longitudinal scan reveals a hypoechoic plaque in the proximal internal carotid artery. (**B**) CDUS of the right temporal artery shows a hypoechoic halo around the lumen in transverse view (arrow). (**C**) CDUS of the right temporal artery shows a hypoechoic halo around the lumen in transverse view (arrow). The halo sign corresponds to edema of the artery wall. (**D**) Longitudinal view of the right temporal artery by CDUS shows a hypoechoic halo of the temporal artery and the presence of turbulent and weak flow, suggesting the presence of stenosis. The peak systolic velocity is 1 m/s, that is double compared to the segment without stenosis.

The optimal time to perform CDUS remains a matter of controversy related to the ability of GCs to induce the disappearance of the halo sign, which ranges from 2 days to 2 months.[@CIT0002] Nonetheless, CDUS should be performed as soon as possible in patients in whom a diagnosis of GCA is suspected.

Temporal Artery Biopsy {#S0003-S2005}
----------------------

TAB, that has long been considered the gold standard in the diagnosis of GCA and is invariably unilateral, was performed in 39 of our 56 patients (70%), with abnormal findings determined in 33 of them (85%) ([Figure 4](#F0004){ref-type="fig"}). The histopathologic features were highly variable, both between patients and within the same patient, as the inflammatory infiltrate affects some arterial segments while sparing others.[@CIT0003] The usual findings consisted of inflammatory infiltrates with lymphocytes, macrophages, and giant cells affecting the three layers of the arterial wall ([Figure 5](#F0005){ref-type="fig"}). A variable number of giant cells forming granulomas were seen, mostly at the intima-media junction. Frequently, the elastic lamina was fragmented and the vascular smooth muscle cells (VSMCs) were destroyed.[@CIT0004]Figure 4Giant cell arteritis of the left temporal artery. Panel **A** shows a prominent, tender and beaded artery, that was also hypo-pulsating on palpation. Panels **B** to **F** illustrate the various phases of the temporal artery biopsy. A 2 cm-long segment of the frontal branch of the superficial temporal artery was surgically removed.Figure 5(**A**) Histological findings in the wall of a giant cell arteritis. Wall thickening is mainly due to myofibroblastic proliferation of the intima, with a minimal exudate consisting of lymphocytes and plasma cells. The media is distorted by the granulomatous process, which extends into the adventitia. In the latter, a minimal fibrosis is present. (**B**)  The media of the artery shows a layer of giant cells on its inner aspect, the site of the inner elastic membrane, and small fragments of elastic fibers in the cytoplasm of giant cells (arrows). Numerous other inflammatory cells are seen in the intima wall. The muscular fibers are degenerate, as evidenced by the cytoplasmic vacuoles.

In the patients with a negative or no biopsy, the diagnosis of GCA was definitely supported by the occurrence of the other 3 or 4 items established by the ACR classification criteria as well as the results of imaging studies including ultrasonography, high-resolution magnetic resonance imaging (MRI) and ^18^F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT).[@CIT0002],[@CIT0003],[@CIT0005]

A question of practical interest is the maximum recommended delay for performing a TAB in patients started on GC therapy. Based on the findings of a small prospective study and several retrospective cohort studies, TAB should be performed within 4 weeks of GC initiation.[@CIT0024] The British Society for Rheumatology supports a more stringent approach and recommends that TAB be performed within 1 week of GC administration, although positivity may persist for 2--6 weeks.[@CIT0025] However, to prevent irreversible vision loss, in no case should TAB delay the initiation of GCs.

Visual Manifestations {#S0003-S2006}
---------------------

Ocular involvement was diagnosed in 19 of our 56 GCA patients (34%), and in 11 of them (20%) it resulted in permanent visual loss, which was bilateral in four patients (7% of the whole cohort and 36% of those with permanent visual impairment). The interval between the involvement of the first and second eye was 6 days in two patients, and 7 and 10 days in the remaining two patients, respectively. The ocular manifestations observed in our patients are summarized in [Figure 6](#F0006){ref-type="fig"} and the clinical presentation, PMR association, diagnostic workup, and visual outcome of these 19 patients are reported in [Table 1](#T0001){ref-type="table"}.Figure 6Distribution of ocular manifestations in 19 GCA patients of our cohort. The numbers between brackets indicate the relative percentages.

Overall, the severity of visual outcome reflected both the impairment of central visual acuity and the loss of visual field. Visual acuity was affected to a variable extent in 16 of 19 patients (84%) within the first 7 to 10 days following the beginning of GC administration, whereas an improvement in visual acuity of two to five Snellen lines was recorded in 6 patients (31%) within the first 30 to 40 days from the start of therapy. However, this improvement was associated to a corresponding improvement in the central visual field in only two of them.

### Arteritic Anterior Ischemic Optic Neuropathy (A-AION) {#S0003-S2006-S3001}

Consistent with the data reported in the literature,[@CIT0001],[@CIT0004],[@CIT0010],[@CIT0026] A-AION was the most frequent ocular manifestation in our cohort of patients ([Figure 6](#F0006){ref-type="fig"}). A-AION is the product of inflammation, thrombosis, and the consequent ischemia of the short posterior ciliary arteries (PCAs) originating from the ophthalmic artery. Most people have two PCAs, whereas some have only one and others as many as five.[@CIT0027] Fluorescein fundus angiography studies have shown that the medial PCA is more frequently occluded, which results in infarction of the optic nerve head.

As reported for the majority of the patients described in [Table 1](#T0001){ref-type="table"}, in addition to the systemic symptoms typical of GCA but absent in patients with occult GCA, ocular manifestations include a rapidly developing, mostly unilateral loss of vision associated with severely reduced visual acuity and/or altitudinal visual field defects. Ophthalmoscopy reveals ([Figure 7A](#F0007){ref-type="fig"} and B) a pale, edematous, chalky-white optic disc that less commonly may show hyperemic swelling, an ophthalmoscopic picture quite similar to that of patients with non-A-AION. Flame hemorrhages adjacent to the disc and narrowing of the peripapillary retinal arterioles may also be seen. In less ominous situations, only a segment of the optic disc is affected, but this occurs in \< 25--30% of patients.[@CIT0001]Figure 7Scanning laser ophthalmoscopy and fluorangiography patterns in a GCA patient with acute ischemia of the papilla. Pale colored edema and light swelling are evident on the optic disc (panels **A** and **B**). Four months later the pattern changed to optic nerve atrophy (panel **C**). 

Optical coherence tomography (OCT) angiography may help to identify microvascular defects and vessel density reduction in patients with acute optic disc edema, thus providing useful clues in assessing ischemia in the optic nerve head.[@CIT0028] In addition, three-dimensional high-resolution black-blood MRI enables a more reliable and earlier diagnosis of PCA involvement in these patients than achieved with funduscopy. This capability is particularly useful in the detection of "vision-at-risk" in patients with suspected GCA in whom the funduscopy findings are unremarkable.[@CIT0029]

The obvious outcome of A-AION is the onset of optic atrophy ([Figure 7C](#F0007){ref-type="fig"}), a condition that requires 6--8 weeks to become fully established and may affect the whole disc or manifest segmentally. When optic atrophy simulates glaucomatous optic nerve cupping, OCT imaging may help differentiate the optic disc changes of GCA from those of glaucoma, as in the former the nasal and temporal retinal nerve fiber layers are thinner and macular thickness and volume are reduced.[@CIT0030]

### Arteritic Posterior Ischemic Optic Neuropathy (A-PION) {#S0003-S2006-S3002}

This insidious presentation of GCA accounts for ≤ 10% of all IONs and is to a large extent a diagnosis of exclusion. A-PION was diagnosed in only one of our patients, corresponding to 5% of our GCA patients with ocular involvement. As a consequence of the ischemia affecting the retrobulbar portion of the optic nerve, the patient complained of acute and painless reduction in visual acuity and color vision as well as visual field defects in the left eye associated with a relative afferent pupillary defect. No abnormalities of the anterior segment and intraocular pressure (IOP) were detected, and the optic nerve head was funduscopically normal. Although A-PION more frequently involves the PCAs, ischemia of other orbital arteries may also be responsible for its occurrence.[@CIT0027] Two months later, optic nerve atrophy with optic rim pallor was clearly evident.

These features allow A-PION-related post-ischemic optic disc cupping to be distinguished from glaucomatous cupping.[@CIT0031] Although diffusion-weighted MRI may aid in the diagnosis of acute-phase PION in patients with normal funduscopy findings,[@CIT0001],[@CIT0032] this procedure has not gained wide acceptance.

### Cotton Wool Spots {#S0003-S2006-S3003}

Three of our GCA patients with ocular manifestations developed cotton wool spots (16%) that affected both eyes in two patients and were confined to the right eye in the third patient. Similar findings have been reported to occur in almost one-third of GCA patients suffering visual loss in the early phase of the disease.[@CIT0021] The spots are due to localized accumulations of axoplasmic debris as a result of focal inner retinal ischemia. Platelet microembolization and/or hypoperfusion of the terminal portions of the retinal vasculature are thought to play a role in their pathogenesis. Cotton wool spots may be an isolated finding or associated with other ocular features, such as optic disc edema. It should be emphasized that they can also be detected in patients with arterial hypertension, rheumatologic disease, HIV infection, and diabetic retinopathy.[@CIT0033]

### Central Retinal Artery Occlusion (CRAO) {#S0003-S2006-S3004}

Two of our patients with ophthalmic GCA were diagnosed with CRAO. In both, the PCAs were affected, a finding that can be explained by the fact that in the majority of people the central retinal artery and one or more of the PCAs derive from a common trunk of the ophthalmic artery.[@CIT0021] Vision loss of sudden onset was bilateral in one patients and restricted to the right eye in the other. The fundus examination showed diffuse intraretinal hemorrhages, a pallid retina, and optic disc edema of the affected eyes. A cherry red spot against a pale retina was also observed in the left eye of the first patient. As expected, the fluorescein column of the central retinal artery was almost completely absent by fluorescein angiography in the right eye of the second patient. Spectral domain OCT was not performed.

### Anterior Segment Ischemia {#S0003-S2006-S3005}

Only one of our patients with ophthalmic GCA was diagnosed with anterior segment ischemia, that is a rare occurrence in larger cohorts as well.[@CIT0034],[@CIT0035] It is more commonly diagnosed in patients with general ocular ischemic syndrome with involvement of the anterior ciliary arteries and sometimes of the long branches of the PCAs.[@CIT0001] Corneal edema, anterior uveitis, and Descemet's folds followed by the development of striate keratopathy were found in the initial phase, whereas an IOP of 12 mm Hg and rubeosis iridis were detected later.

### Choroidal Ischemia {#S0003-S2006-S3006}

Here again, only one of our patients with ophthalmic GCA was diagnosed with choroidal ischemia, whose clinical signs appeared later in the course of the disease. Fundus examination of both eyes revealed pigment epithelial changes in the macular area and reduction of the choroidal vascular pattern, with choroidal filling defects. On fundus fluorescein angiography, the foveal avascular zone was enlarged, with delayed filling. No electrodiagnostic testing was performed to identify the site of ischemia.[@CIT0001]

Pathogenesis of GCA {#S0003-S2007}
-------------------

Although the patho-etiology of GCA remains poorly known and is possibly related to the interaction of genetic and environmental risk factors,[@CIT0001] recent developments in the pathogenesis of GCA have been the object of excellent reviews[@CIT0005],[@CIT0036],[@CIT0037] and will be summarized here, in that they are paving the way for targeted and more effective therapeutic measures.

The current hypothesis on the pathogenesis of GCA invokes interactions occurring between the innate and adaptive immune systems and the different compartments of the vessel wall, including endothelial cells (ECs) and VSMCs, such that vascular inflammation, remodeling, and occlusion may ensue. As depicted in [Figure 8](#F0008){ref-type="fig"}, unknown "danger signals" (bacterial or viral products?) are thought to trigger the maturation and activation of dendritic cells (DCs) resident in the adventitia of the artery via toll-like receptors (TLR).[@CIT0036] Two distinct cytokine networks are then thought to be involved in disease development: 1) In the first, mature DCs produce chemokines (eg, CCL19 and CCL21) that attract and retain additional DCs. 2) In the second, T cells (mostly CD4+ T cells) express the co-stimulatory molecules CD83 and CD86 that are responsible for T cell activation, resulting in the release of cytokines such as interleukin (IL)-1 β, IL-6, IL-23 and IL-21 or IL-12 and IL-18.Figure 8Possible pathogenetic algorithm of giant cell arteritis (GCA). After activation by danger signals, dendritic cells resident in the arterial adventitia mature, produce chemokines such as CCL19 and CCL21, and express the co-stimulatory molecules CD83 and CD86 required for their interaction with CD4^+^ T cells. Dendritic cells also release cytokines, such as IL-1 β, IL-6, IL-23 and IL-21 or IL-12 and IL-18 that trigger two distinct networks. The first network induces the differentiation of activated T cells into Th17 cells; the second drives Th1 cell formation. Both T cell lineages participate in the evolving granulomatous inflammation. See text for details.

The clonal expansion and differentiation of T cells into Th17 cells is mediated by the first group (IL-1 β, IL-6, IL-23) while the second group (IL-12 and IL-18) induces Th1 cell formation.[@CIT0037] Th17 cells secrete IL-17, which modulates the function of ECs, VSMCs, fibroblasts, and bone marrow stromal cells. Th1 cells release interferon-γ (IFN-γ), which induces the activation of macrophages, ECs, VSMCs, and cytotoxic cells. Activated macrophages release pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α), IL-1 β, and IL-6, thus amplifying the inflammatory response. Macrophage fusion results in the formation of giant cells, which contribute to the development of granulomas at the intima-media junction.

Giant cells and macrophages release reactive oxygen species (ROS), reactive nitrogen intermediates (RNI), and matrix metalloproteinases (MMP) to promote tissue injury and intimal hyperplasia.[@CIT0038],[@CIT0039] In addition, activated macrophages and injured VSMCs release platelet-derived growth factors (PDGF), vascular endothelial growth factor (VEGF), and fibroblast growth factor-2 (FGF2), which together trigger a vascular remodeling process that includes the proliferation and migration of medial myofibroblasts, the induction of neoangiogenesis, and the deposition of extracellular matrix proteins, resulting in luminal stenosis.[@CIT0040] Under the influence of the cytokines and growth factors produced by activated macrophages, ECs participate in the vascular remodeling process sustaining local inflammation, neoangiogenesis, and T cell recruitment.[@CIT0038]--[@CIT0040]

Treatment {#S0003-S2008}
---------

Based on current understanding of disease pathogenesis, schematically summarized in [Figure 8](#F0008){ref-type="fig"}, two components play an important role in the onset of GCA: 1) a systemic extravascular inflammatory syndrome mainly sustained by the IL-6/IL-17 axis; 2) vascular damage with breaching of the artery wall, followed by ischemia largely conditioned by the IL-12/IFN-γ axis.[@CIT0003],[@CIT0004] These mechanisms have remarkable therapeutic implications, as the extravascular component is promptly responsive to GCs whereas the vascular component responds poorly or not at all, thus accounting for potential relapses characterized by visual loss and inflammatory lesions in patients treated with GCs for months, and especially during drug tapering.[@CIT0003]

The worldwide standard-of-care for patients with GCA and/or PMR is GCs, which were in fact used to treat all of the patients in our study. However, since the cohort was collected over a time frame of 12 years, the initial optimal dose was not the same for all patients, including those with ophthalmic manifestations. No patient was given intravenous pulse methylprednisolone, whose better efficacy compared to oral therapy has not been unequivocally demonstrated.[@CIT0041] However, in patients with acute visual loss in one eye and signs of ischemia in the other, neuro-ophthalmologists usually start treatment with a 3-day course of intravenous pulse methylprednisolone (500--1000 mg daily!) that is then switched to 100--120 mg/day oral prednisone.[@CIT0004]

In our experience, 15 patients with clinical and laboratory features of highly active disease were treated with 1 mg GCs/kg/day, whereas in 27 patients the fixed starting dose of GCs was 50 mg/day. The 11 patients in whom the diagnosis was initially uncertain were treated with 0.5 mg GCs/kg/day, but the dose was increased to 1 mg/kg/day 2--3 weeks later, when their TAB results confirmed the diagnosis. Finally, three patients with combined GCA and PMR but without ocular involvement were initially incorrectly diagnosed with rheumatoid arthritis, for which they were treated with 25 mg methotrexate (MTX)/week plus 200 mg hydroxychloroquine/day for 3 weeks. When these patients were determined to be TAB-positive, the hydroxychloroquine was discontinued and 50 mg GCs/day was added to the MTX regimen.

Overall, in our patients GC therapy was started from 5 days to 3 weeks after the appearance of clinical symptoms. In 11 patients, not even a partial recovery of visual acuity was achieved. These observations highlight the urgency of early treatment to prevent the involvement of the contralateral eye and possibly to impede further worsening of visual acuity in the affected eye. However, GCs are of poor (if any) efficacy in appreciably improving the vision of patients who have already developed ophthalmic GCA, especially in terms of visual field recovery.[@CIT0004]

GCs were slowly tapered on an individual basis, taking into account the mitigation of signs and symptoms and the reduction or normalization of laboratory features, including ESR, the CRP level, and the platelet count. The length of GC administration ranged from 18 to 36 months. Nonetheless, during GC tapering 9 out of 56 patients suffered disease relapse (16%), including 4 out of 19 with ophthalmic GCA (21%). In addition, four patients had disease recurrence (none in patients with ophthalmic GCA) 3--6 months following GC withdrawal. Patients with relapse or recurrence were retreated with medium to high doses of GCs that were gradually tapered. Thereafter, these patients were placed on a maintenance regime of indefinite low-dose GCs.

As expected given the length of GCs administration and because GCA is a disease of the elderly, these drugs are frequently responsible for the occurrence of adverse events.[@CIT0004],[@CIT0042],[@CIT0043] One or more treatment-associated events were in fact diagnosed in 18 of our patients (32%), including diabetes mellitus (5 patients), posterior subcapsular cataract (6 patients), arterial hypertension (7 patients), infection (4 patients), bleeding ulcer (1 patient), and femoral neck fracture (1 patient). Two patients died 11 and 19 months after starting steroid therapy: the first (a 79-year-old woman with hypertension) as a consequence of stroke and the second (a 77-year-old man with renal failure) due to *Pneumocystis jirovecii* pneumonia.

As mentioned above, three patients with combined GCA and PMR were initially treated with MTX plus hydroxychloroquine, based on incorrectly diagnosed rheumatoid arthritis, but 3 weeks later received MTX plus GC. MTX (15--25 mg/week) was administered together with GCs from the very beginning, as a steroid-sparing drug, in 23 patients (41%) of our cohort. These patients, diagnosed from 2011 onward, included 10 with ophthalmic GCA. All 23 patients underwent an earlier tapering of GCs, resulting in a lower cumulative dose of GCs at 18 months. Only two of the patients had a relapse (after 11 and 14 months of treatment, respectively), thus confirming that adjunctive MTX treatment lowers the risk of relapse and is a steroid-sparing agent.[@CIT0044]--[@CIT0046]

The last patient, enrolled in the study in October 2016 (patient number 19 of [Table 1](#T0001){ref-type="table"}), was initially treated with the combination of GCs plus MTX, but the latter drug was discontinued because of unacceptable liver toxicity. However, after the occurrence of two relapses separated by a period of 3 months under GCs alone, tocilizumab (TCZ), an anti--IL-6 receptor humanized monoclonal antibody, was added to the drug regimen. At the time, TCZ was allowed in Italy only for the treatment of patients with refractory and persistently active rheumatoid arthritis. After HBV and HCV infection had been excluded and both a quantiFERON-TB-Plus test and a chest X-ray had ruled out tuberculosis, the patient was given four intravenous infusions of TCZ every 4 weeks at a standard dose of 8 mg/kg.[@CIT0047],[@CIT0048] After TCZ discontinuation, the patient experienced no disease flares during a follow-up of 11-months. Her abnormal laboratory features slowly subsided and her visual acuity improved considerably.

Discussion {#S0004}
==========

The extensive medical literature and our own experience strongly indicate that GCA, which typically affects the medium and large arteries of people \> 50 years of age, remains the most common type of granulomatous vasculitis. In addition, the more frequent adoption of imaging studies have clearly shown that the disease, rather than simply being a "temporal arteritis" (a misleading misnomer in use for many years), is in fact a systemic disease in which the large vessels, such as the aorta and its major branches, are progressively affected in step with repeated recurrences.[@CIT0001],[@CIT0004],[@CIT0049] Visual manifestations of lesser or greater severity are among the presenting symptoms or appear shortly after the diagnosis of GCA in approximately one-third of patients.[@CIT0004] Permanent visual loss, although remarkably reduced in the last 10--15 years as a consequence of a heightened medical awareness of the disease and prompt treatment, still affects up to 16% of GCA patients.[@CIT0011]

The remarkable clinical heterogeneity of GCA should be emphasized, ranging from a *silent variant*, in which the typical cranial manifestations are absent and the systemic symptoms more prominent, to the so-called *occult variant*, in which systemic signs and symptoms are absent and the diagnosis is accordingly delayed. Occult GCA is diagnosed in approximately 20% of patients with ocular involvement and biopsy-confirmed GCA.[@CIT0001],[@CIT0021],[@CIT0050],[@CIT0051] In these patients, premonitory signs such as amaurosis fugax and visual loss should raise strong diagnostic suspicion of GCA. The ophthalmologist should then immediately start the patient on GCs, before or at the very early stage of the development of acute ocular ischemic lesions.[@CIT0021]

Before GCs became the standard of care, 30--60% of patients with GCA experienced vision loss (according to Hoffman et al).[@CIT0052] Following the introduction of GCs therapy, the incidence of visual manifestations decreased, with reported rates of 29% of 239 patients[@CIT0053] and 16% of 200 patients.[@CIT0054] In a nationwide study in Sweden based on 12,048 patients with GCA (3737 males and 8311 females) evaluated between 2002 and 2010, a total number of 1,618 patients (13.4%) developed ocular manifestations.[@CIT0009] Thus, despite an earlier diagnosis and the prompt administration of GCs, permanent visual loss of variable degree still affects around 15% of patients[@CIT0004],[@CIT0050] and in our cohort was diagnosed in 20%.

It has been submitted that the clinical features and pathogenesis of GCA resemble those of Takayasu arteritis, another granulomatous large-vessel panarteritis that is sometimes considered in the differential diagnosis.[@CIT0016],[@CIT0017],[@CIT0039] However, Takayasu arteritis preferentially affects young women during their reproductive years and its leading presenting symptoms are claudication in one or both arms, malaise, fever and weight loss, a difference in blood pressure between arms, dizziness and headache, renal artery hypertension, and visual impairment.[@CIT0016],[@CIT0055] A disorder more closely related to GCA is PMR, which as noted in the Introduction occurs in 40--60% of patients with GCA.[@CIT0004],[@CIT0005],[@CIT0014] PMR was diagnosed in 45% of our cohort. In the two diseases, the onset occurs in older individuals, and similar genetic risk factors and pathogenic pathways have been identified. In fact, PMR may be an early subclinical, albeit predominantly peripheral, vasculitis.[@CIT0005],[@CIT0016],[@CIT0056] The similarities between GCA, PMR, and Takayasu arteritis have led to the suggestion that they are components of a spectrum of the same underlying disease.[@CIT0016],[@CIT0017],[@CIT0057]

Histologic analysis with TAB still remains the gold-standard diagnostic procedure in many rheumatologic centers. However, although it will be positive in the large majority of these patients, it is an invasive examination and a negative biopsy result does not exclude a diagnosis of GCA, given that the inflammatory process may spare some arteries or segments thereof. In addition, the TAB may sometimes be contraindicated for the risk of bleeding consequent to the frequent assumption of anti-platelet drugs by these elderly patients or to the occurrence of other coagulation disorders. Also, the TAB is obviously unable to allow the assessment and the extent of arterial involvement that may sometimes include large vessels, such as the aortic arch and its major branches.

CDUS provides reliable information as regards superficial arteries such as the temporal artery and to a lower extent the subclavian and axillary arteries. Because ultrasonographic data of temporal arteries do not correlate with eye complications, OCT or CDUS of the orbital (retrobulbar) vessels are of critical importance in order to quickly differentiate the mechanism of eye involvement (arteritic, versus non-arteritic). The arteritic conditions should be treated promptly to prevent further visual loss of the fellow eye. Although CDUS of orbital vessels is a faster method compared with OCT, it is much less reliable when extra-cranial deep vessels are suspected to be affected. In these situations, MRI, CT and FDG-PET/CT are being used with increasing frequency in the diagnosis and monitoring of cranial and extracranial arteries, including the aorta. Compared to TAB, these imaging modalities offer the advantage of being less invasive, more sensitive and readily available.[@CIT0002],[@CIT0003],[@CIT0005]

However, although these imaging techniques have questioned the diagnostic role of TAB, it is still debatable in the clinical practice which imaging tool is able to provide the most reliable assessments of disease extent and activity. The task force of the European League Against Rheumatism (EULAR) has recommended that an early imaging test be performed in patients with suspected GCA, with ultrasound being the first choice and CT or FDG-PET/CT being possible alternatives. When clinical examination and imaging are still unable to allow a definite diagnosis, temporal artery biopsy and/or additional imaging may be necessary. Furthermore, in case of a suspected flare, disease activity can be better assessed with the use of imaging procedures, but the frequency and choice of imaging modalities in the follow-up of the patient are left to the individual referral center decision.[@CIT0058]

The treatment of GCA and PMR must take into account the disease course and the associated comorbidities.[@CIT0059] As noted above, MTX is frequently prescribed in conjunction with GCs, not only as a steroid-sparing therapy but also because of its demonstrated ability to reduce the risk of relapses.[@CIT0004],[@CIT0044],[@CIT0052] It seems, therefore, safe to state that the association of MTX to GCs is justified in both GCA and PMR patients with early relapse while tapering GCs, in those requiring long-term or more than 7.5--10  mg/day of maintenance prednisone equivalents after at least 3 months of sustained GC therapy, and in those experiencing unbearable GC-related side-effects.

As mentioned before, the IL-6/IL-17 axis that is mainly responsible for the extravascular inflammatory syndrome of GCA is readily responsive to GCs. Conversely, the IL-12/IFN-γ axis is largely involved in the vascular damage and is poorly responsive to these drugs.[@CIT0005] To overcome this discrepancy, adjunctive therapies such as aspirin/anticoagulants, hydroxyl-3-methylglutaryl coenzyme-A reductase inhibitors also known as statins, and angiotensin II receptor blockers commonly defined as sartans have been proposed. However, in the absence of randomized clinical trials, the evidence supporting their usefulness is circumstantial and overall disappointing.[@CIT0002],[@CIT0016]

With the aim of targeting the immune abnormalities underlying both the extravascular and vasculogenic components of GCA, many different therapeutic agents have been proposed, including immunosuppressive drugs (azathioprine, cyclophosphamide, leflunomide, and mycophenolate mofetil) and TNF-α inhibitors (infliximab, adalimumab, etanercept, abatacept, and rituximab). A survey of the results achieved with their administration, mostly in patients with difficult-to-treat GCA and in small series, can be found in recent reviews.[@CIT0016],[@CIT0060],[@CIT0061]

While, overall, the results of treatment have been disappointing, an encouraging exception is biologic therapy using TCZ, shown in a trial setting to be effective in the induction and maintenance of remission in GCA patients.[@CIT0062] In a randomized, double-blind, placebo-controlled, Phase 3 trial (GiACTA trial), TCZ combined with a 26-week prednisone taper was shown to be significantly superior to either 26-week or 52-week prednisone tapering plus placebo, in terms of sustained GCs-free remission.[@CIT0063] Furthermore, when TCZ was included as add-on therapy to GCs during the first 3 months of treatment, at week 26 the primary endpoint of remaining in remission with ≤0.1 mg prednisone/kg/day was met by 75% of the patients, although half experienced relapse during the 9 months following TCZ discontinuation.[@CIT0047] Finally, in an observational, retrospective, multicenter study carried out on patients with GCA refractory to conventional therapy, 94% achieved prompt and persistent clinical improvement one month after TCZ introduction. Infections were the most common adverse event.[@CIT0048]

The strengths of our study are: 1) the homogeneous collection of data, made possible through a carefully implemented collaboration between tertiary eye-care and clinical immunology centers of the same university hospital; 2) the length of follow-up, which exceeded 4 years in 39% of the study patients; and 3) the clinical and ophthalmological assessments made by the same internists and the same ophthalmologists, which avoided or at least reduced the risk of unwanted variability.

Nonetheless, the following potential shortcomings should be mentioned: 1) the retrospective nature of the study; 2) the relatively small cohort of 56 patients, compared to the much larger number of patients enrolled in polycenter or retrospective population-based cohort studies;[@CIT0007],[@CIT0010],[@CIT0048],[@CIT0063],[@CIT0064] 3) the use of CDUS but the lack of imaging studies such as MRI and/or CT angiography, and/or FDG-PET/CT in the first 15 patients enrolled from 2005 to 2008, such that an involvement of the aortic arch and its branches or of other deep vessels may have remained undiagnosed in some cases.

The worldwide morbidity burden from GCA that has been projected by 2050 is a cause for concern.[@CIT0065] Given the expected increase in the prevalence of GCA as a consequence of aging populations, it is estimated that by 2050 over 3 million people in Europe, North America, and Oceania will be diagnosed with GCA. It is reasonable to predict that in some 500,000 of these patients the disease will result in visual impairments, with an estimated cost exceeding US\$ 76 billion for the USA alone. In addition, the cost of in-patient care for patients with active GCA will be about US\$ 1 billion, in addition to the estimated US\$ 6 billion needed by 2050 to cope with GC-related adverse events, especially bone fractures.[@CIT0065] Both further insights into the pathogenesis of GCA and advancements in the treatment of this disease are therefore urgently needed if this alarming scenario is to be avoided.
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[^1]: **Abbreviations:** A-AION, arteritic anterior ischemic optic neuropathy; A-PION, arteritic posterior ischemic optic neuropathy; CDUS, color Doppler ultrasonography; FDG, fluorodeoxyglucose; GCA, giant cell arteritis; NLP, no light perception; PET/CT, positron emission tomography/computed tomography; PMR, polymyalgia rheumatica; TAB, temporal artery biopsy.
